Introduction
Recently, a sensitive in situ hybridization method using peroxidasemediated deposition of haptenized-or fluorochromized tyramides has been described (2,3). However, under reaction conditions that provide maximal sensitivity, the localization sharpness of the final reaction product is generally poor, leading to loss of spatial resolution. Spatial resolution can be improved by shortening the tyramide reaction time or by tapering probe and antibody concentrations (2.3). By taking such measures, however, much of the potential sensitivity is sacrificed for resolution.
Earlier studies have demonstrated that polymeric substances that increase viscosity can be used to improve product localization in enzyme histochemical reactions in which free diffusion of intermediate products occur (5). In addition, in the peroxidase-mediated reaction, free diffusion of the reactive intermediate products takes place. It was therefore of interest to analyze the effect of addition of polymers to the tyramide reaction on localization sharpness and sensitivity.
Materials and Methods
In situ hybridization with digoxigenin (DIG)-labeled probes and the immunological detection of the probes with horseradish peroxidase (HRP)-addition of viscosity-increasing polymers to the incubation media. In this study we analyzed the effect of different polymers on the localization sharpness and sensitivity of the tyramide-peroxidase reaction in FISH applications. Significantly improved localization of the fluorescent endproduct was observed using dextran sulfate or polyvinylalcohol (WA) with, respectively, no or little loss of sensitivity. labeled sheep IgG anti-DIG antibodies (Boehringer. Mannheim, Germany; 0.7 UINI) were performed as previously described (6). The DNA probes used were plasmid probes containing, respectively, a 2-KB fragment specific for the centromere of chromosome 17 (target size * 200 KB) and a 5.2-KB fragment specific for the 28s rRNA genes. In addition, a cosmid probe for chromosome 2p was used. The cosmid probe (target size * 40 KB) contained repetitive human DNA sequences that were blocked by allowing the denaturated labeled cosmid probe to react with a 50-fold excess of denaturated human Cot-I DNA (Boehringer) before the hybridization with metaphase preparations.
Fluorescein-tyramide (FTyr) was prepared as described (3). After the postimmunological washes, the slides were washed in H20 and incubated for 30 min at room temperature (RT). The buffer used for the FIyr reaction was 0.2 M Tris-HCI, pH 8.8, and contained 10 mM imidazole, 0.001% H202. 7 pM FTyr. Various polymers at different concentrations were added (see Table 1 for details). After incubation, the slides were washed in 50 mM Tris-HCI, pH 7.5, 150 mM NaCI, 0.05% Tween 20 (three times for 5 min at 37'C), dehydrated through an ethanol series, and embedded in Vectashield (Vector; Burlingame, CA) containing 40 ng DAPI/ml.
To compare the FTyr detection with conventional detection, the DIGlabeled probes were visualized by subsequent incubations with fluoresceinconjugated mouse anti-digoxin (2 Nglml; Sigma, St Louis, MO) and fluorescein-conjugated rabbit IgG anti-mouse IgG (4 pg/ml; Sigma).
Photomicrographs were taken with a DM epifluorescence microscope (Leitz; Oberkochen, Germany) on 640 asa (3M) color slide film.
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Results
To illustrate the effect of polymer addition on both high and low copy number targets, a chromosome 17 centromere probe (p17H8) Figures 1b and  2b ). However, localization was poor, i.e., the centromeric probe almost "painted" the entire chromosome and FTyr deposits were sometimes found on other chromosomes close to the target chromosome ( Figure lb) . Improved sensitivity was also shown by the detection of specific hybridization signals on the centromeres of chromosomes other than chromosome 17 (Figure 1b ). These signals (minor binding sites) were not detected by conventional detection methods (Figure la) . In addition, the localization sharpness of the reaction proved insufficient to resolve the rDNA genes on sister chromatids of the acrocentric chromosomes 13, 14, 15, 21, and 22 (Figure 2b) . In an attempt to improve the localization properties of the FTyr reaction, several polymers were tested. Table 1 shows that all polymers strongly improved the localization of the FTyr product compared to the reaction without polymers. Of the polymers tested, PVA and dextran sulfate showed the highest sensitivity, generally comparable to that achievable with the standard reaction mixture. Table 1 also shows that high concentrations of these polymers provide better localization without significant loss of sensitivity. However, the sensitivity decreased when polyvinyl pyrollidon (PVP), Ficoll, polyethylene glycol (PEG), or other dextrans were added.
PVA of the highest molecular weight provided the best combination of localization and sensitivity. On metaphase chromosomes all targets were easily detected, thereby spatially resolving the sister chromatids of the 28s rRNA genes on the smaller chromosomes ( Figure 2c ) and sensitive enough to detect minor binding sites with the pl7H8 probe.
Dextran sulfate provided the highest sensitivity of the FTyr reaction. The best results were obtained when 2040% (w/v) was added to the reaction mixture. Localization of the signals was improved, although the p17H8 signals ( Figure Id) were less distinctly localized compared to FTyr supplemented with PVA ( Figure IC) . FISH signals appeared as bright using FTyr with dextran sulfate than FTyr without polymers. The addition of dextran sulfate can induce a spotty background dispersed over the entire slide ( Figure Id) . This Figure 2d) . Figure 3b illustrates the detection of a cosmid probe with FTyr and dextran sulfate. On metaphase chromosomes the signals were sharply localized and bright, allowing easier detection of these cosmids than with conventional indirect FISH methods (Figure 3a) .
Discussion
Tyramide-based detection methods greatly improve the sensitivity of FISH applications (2.3). Haptenized probes are immunochemically detected by peroxidase-labeled antibodies or avidin, after which the peroxidase catalyzes the deposition of the hapten-or fluorochromized tyramides (1). FISH applications only partially benefit from the improved sensitivity because the localization of the reaction product is poor. Usually, short reaction times (3-5 min) are used to circumvent this problem (2,3). This is done, however, at the cost of sensitivity and reproducibility.
We show here that the addition of polymers to the tyramide reaction medium makes prolonged incubation times possible with little loss of resolution compared to a standard immunofluorescence method. Furthermore, the sensitivity of the tyramide reaction is maintained when PVA or dextran sulfate is added to the FTyr substrate solution.
The mechanism of the tyramide reaction is based on the fact that peroxidase, on reaction with hydrogen peroxide, oxidizes tyramide to a quinone-like structure bearing a radical at the C2 carbon of its phenyl group. In solution, peroxidase can convert tyramine and tyrosine into di-tyramine or di-tyrosine. Similarly, reagents such as p-cresol can be oxidized to multimere p-cresol. Furthermore, it is also known that similar oxidation products are obtained with para-substituted "aniline-like" compounds (4). In all, it is therefore assumed that the FISH signals observed result from the fraction of the tyramide radicals bound to tyrosine present in the fixed cell preparations. It can not be excluded that tyramide radicals bind to previously immobilized tyramides. However, it is unlikely that all tyramide radicals are immobilized. A fraction of these radicals will be converted to tyramide dimers as they react with tyramide molecules in the substrate solution.
